The objective of this paper is to discuss the potential advantages of intrauterine treatment with a frameless levonorgestrel (LNG)-releasing intrauterine system (IUS) in young women presenting with primary dysmenorrhea associated with heavy menstrual bleeding. The paper is based on clinical reports of 21 cases of primary and secondary dysmenorrhea treated with the frameless LNG-IUS. Three typical examples of young women between 16 and 20 years of age, who presented with moderate-to-severe primary dysmenorrhea associated with heavy menstrual bleeding, are presented as examples. Following pelvic examination, including vaginal sonography, a frameless LNG-IUS, releasing 20 µg of LNG/day, was inserted. The three patients developed amenorrhea, or scanty menstrual bleeding, and absence of pain complaints within a few months. We conclude that continuous, intrauterine progestogen delivery could be a treatment of choice of this inconvenient condition. In addition, the good experiences with the frameless LNG-IUS in other studies suggests that the frameless design may be preferred over a framed LNG-IUS, as the absence of a frame, resulting in optimal tolerance, is particularly advantageous in these women.
Introduction
In an epidemiologic study of an adolescent population, Klein and Litt reported a prevalence of dysmenorrhea of 59.7%. 1 Of patients reporting pain, 12% described it as severe, 37% as moderate, and 49% as mild. Dysmenorrhea caused 14% of patients to miss school frequently. 1 In primary dysmenorrhea, the pain begins with the onset of menstruation or shortly before and persists throughout the first 1-2 days. Women usually report constant lower abdominal pain with superimposed uterine cramps, which radiate to the back or anterior and/or medial thigh. Associated general symptoms, such as malaise and fatigue (85%), nausea and vomiting (89%), diarrhea (60%), lower backache (60%), and headache (45%), may be present with primary dysmenorrhea. Dizziness, nervousness, and can also be associated with primary dysmenorrhea. 2 Primary or spasmodic dysmenorrhea occurs typically in late adolescence and the early 20s. Primary dysmenorrhea should be distinguished from secondary dysmenorrhea. In primary dysmenorrhea, the underlying basis is myometrial hyperactivity which causes local hypoxia due to an increased local secretion of vasopressin and prostaglandins. 3 The causes of secondary dysmenorrhea are diverse: intrauterine pathology (eg, fibroids, adenomyosis, intrauterine device [IUD] incompatibility), extrauterine pathology (eg, endometriosis), and outflow obstructions (eg, cervical stenosis). Secondary dysmenorrhea is most often observed in women aged 30-45 years. Many conservative treatment options have been tried to alleviate menstrual pain in women with primary dysmenorrhea, such as nonsteroidal anti-inflammatory drugs (NSAIDs) and combined oral contraceptives (OCs) and, in secondary dysmenorrhea, hysterectomy and endometrial ablation. 4 Few studies have been conducted in women with primary and secondary dysmenorrhea with the Mirena ® levonorgestrel (LNG)-releasing intrauterine system (IUS) (Bayer AG, Leverkusen, Germany). These studies were mainly conducted in women with chronic pelvic pain associated with endometriosis. [5] [6] [7] As many women with primary dysmenorrhea are very young, a LNG-IUS that is small and flexible could be preferred in women with this unfortunate condition. 8 The current report is an evaluation of the potential of the frameless LNG-IUS in young women with primary dysmenorrhea associated with heavy menstrual bleeding. This paper will discuss the potential advantages of the frameless LNG-IUS over the framed LNGIUSs and other treatment schedules.
Materials and methods Patients
The patients in this case presentation were identified among a group of young, nulliparous women participating in a prospective contraceptive study with the frameless LNG-IUS. They were selected in a sequential manner if they presented with painful and heavy menstrual periods.
The history included age at menarche; menstrual frequency; length of period; estimate of the menstrual flow; associated symptoms (eg, nausea, vomiting, or other symptoms); severity of pain and its relationship to the menstrual cycle (women who had to stay at home were considered to have severe dysmenorrhea); impact on physical and social activity; and progression of symptom severity. All women were nulliparous and complied with the World Health Organization eligibility criteria for IUD insertion. 9 Description of the frameless FibroPlant ® LNG-iUS (Contrel Research, Ghent, Belgium)
The frameless design was selected for use in these patients as this design eliminates any pain complaints as a result of dimensional factors, which are frequent causes of cramping pain with conventional IUDs, particularly in nulliparous women.
The frameless LNG-IUS is a new concept. It is a multicomponent system consisting of a nonresorbable suture thread (polypropylene), at the proximal end of the suture thread is a single knot. Attached thereto is a 3.0 or 3.5 cm-long and 1.2 or 1.6 mm-wide fibrous delivery system, releasing approximately 14 µg and 20 µg of LNG per day, respectively. The low-dosage release system is effective for 3 years and the higher dosage LNG-IUS for 5 years. The fiber is fixed to the anchoring thread by means of a metal clip 1 cm from the anchoring knot. The anchoring knot is implanted into the myometrium of the uterine fundus using an insertion instrument, permanently securing the device in the uterine cavity ( Figure 1A) . The metal clip is visible on ultrasonography and X-ray, allowing proper location of the IUS in the uterine cavity at insertion and on follow-up ( Figure 1B) . The technique of insertion is identical to that of the frameless GyneFix ® copper IUD (Contrel Research) (see video insertion at http://www.wildemeersch. com/user/nl/insertie-video).
In the present study, the effect of treatment on pain complaints during menstruation was assessed by verbal questioning during follow-up examination. Menstrual pain during treatment was graded as follows: no pain; almost no pain; much reduced pain; no change in pain compared with before. The amount of blood loss was evaluated in 18 of the 21 patients using a simple visual assessment technique to discriminate between menorrhagia and normal menstrual blood loss. 10 Following insertion, an ultrasound scan was performed to verify the proper location of the LNG-IUS in the uterus. Follow-up was conducted at 1, 3, and 12 months, and yearly thereafter. The first 18 women received the 3-year product and the remaining women the 5-year LNG-IUS. All insertions were done by the same author in a private practice setting.
Results
An overview of the patient characteristics and results in the total number of women (n=21) treated with the frameless LNG-IUS for primary and secondary dysmenorrhea is given in Table 1 . Nine women in the study were nulliparous. Six women were 20 years of age or less. The first patient was 16 years of age when she consulted with her mother for severe dysmenorrhea, heavy periods, and desire for contraception. Menarche had started at the age of 13 years. During consultation with a doctor, she complained of menstrual pain which started from her first menstruation for which anti-inflammatory drugs provided some relief. The pain began 1 day before menstruation and lasted for 2 days. Although the pain complaints were severe, she was reluctant to leave school and endured the pain. She did not report associated symptoms. Menses were reported as heavy, particularly during the first days. No abnormalities were found during gynecological examination, which included sonography. Following premedication (400 µg of misoprostol orally, 3 hours before insertion) and local, intracervical anesthesia (1.8 mL of 3% mepivacaine with dental syringe), a frameless LNG-IUS (FibroPlant ® ) was easily inserted and fixed to the fundus of the uterus. The insertion was done immediately after cessation of menstruation. On follow-up, 3 months after insertion, the patient reported no complaints. Menstruations stopped completely after 1 month. On examination, the frameless IUS was properly located in the uterine cavity. Eighteen months later, menses were scanty with no or very slight pain.
Case 2
This 17-year-old patient presented with moderate-to-severe dysmenorrhea for approximately 2 years. She also complained of heavy menstrual bleeding that had begun with menarche at the age of 12-13 years. The menstrual pain started 1 day before menstruation and lasted for 3-5 days. She described the pain as continuous discomfort in the lower abdomen superimposed by painful cramps. The pain had not become worse over the last 2 years, but impacted her physical and social activity. On pelvic and sonographic examination, no gynecological abnormalities could be identified. Information was provided about the treatment possibilities. As the patient also required contraception, she opted for a frameless LNG-IUS, which was inserted at the end of menstruation following premedication with misoprostol, 400 µg, 3 hours orally prior to insertion. At follow-up, 3 months after insertion, the patient reported no bleeding and no pain complaints.
Case 3
The third patient was 20 years old, with menarche having begun at 14 years of age, and complained of severe distress during menstruation. The painful periods had started a few years earlier and had a severe impact on her social life. She could not leave home for at least 2-3 days during menstruation. The pain started on the first day of menstruation, which was the worst day, and lasted for the whole period. Over the last 2 years, the painful periods had become progressively worse, with headaches, sweats, and hot flushes. Menses were usually heavy. No genital abnormalities could be found on pelvic examination, which included sonography of the pelvic organs. She opted for the frameless LNG-IUS, which provides contraception, reduction of menstrual bleeding, and relief of pain. At 3 months follow-up, the patient reported no pain complaints, no headaches, and scanty menstruation requiring only small pads.
Comments and discussion
In this study, conducted in 21 patients with primary and secondary dysmenorrhea, the frameless LNG-IUS was the only method used to alleviate the menstrual pain complaints. Twelve women were categorized as having primary dysmenorrhea, as no organic cause for the painful menstrual periods could be found. In 12 women, an anomaly of the uterus was found. Three women had significant multiple intramural or subserosal fibroids, as confirmed by sonography and magnetic resonance imaging. Two other women had small fibroids and four had enlarged uteri without other apparent uterine anomalies. Three women were suspected to have uterine adenomyosis. All women in this study reported much reduced pain, or no pain at all, and strongly reduced bleeding, which started as soon as 1 month after insertion of the frameless LNG-IUS. There was one exception in a woman with significant fibroids. She reported much reduced bleeding, but this was not as pronounced as in the other women in the study. Thirteen women had at least 12 months follow-up and four had more than 2 years.
The women in the case reports presented with typical primary dysmenorrhea. The pain was associated with heavy menstrual bleeding and the reported pain complaints were severe. The young women often had to stay in bed, and the pain prevented them from attending school. Their pain complaints were absent at follow-up after 3 months and they had no or scanty menstrual bleeding.
In the clinical management of dysmenorrhea, NSAIDs, which inhibit prostaglandin synthesis, offer a valid treatment. This medication is the most commonly used treatment for this condition. 11 Because the pain results from uterine vasoconstriction, anoxia, and contractions mediated by prostaglandins, symptomatic relief can often be obtained from use of agents that inhibit prostaglandin synthesis and have anti-inflammatory and analgesic properties. They are generally well tolerated and free of serious toxicity. Gastrointestinal upset is the most common adverse effect associated with NSAIDs, and patients receiving these medications should be monitored for more serious adverse effects, including gastrointestinal bleeding and renal dysfunction. The disadvantage is that NSAIDs do not have a strong enough impact on the endometrium to be able to treat associated heavy menstrual bleeding, and they are not contraceptive.
Combined OCs are used often to treat dysmenorrhea, especially in young women who also require contraception. OCs reduce uterine contractility, suppress the endometrium, and reduce endometrial prostaglandin concentrations. However, the effect is limited and the side effects and potential for adverse drug reactions may limit their use in some women. Use of OCs in a manner that reduces the number of menstrual cycles (by extending the use of active pills and avoiding the pill-free week or with extended-cycle formulations) may be beneficial for some patients. 12 Continuous intrauterine LNG delivery causes uniform suppression of the endometrium throughout the whole thickness of the mucosa, which is maintained by the high tissue concentrations, and reduces the prostaglandin synthesis in the endometrium. 13 The LNG-IUS also provides contraception and simultaneously reduces heavy menstrual bleeding, often resulting in amenorrhea. Continuous, intrauterine progestogen delivery could, therefore, be the treatment of choice for sexually active women and women with associated heavy menstrual bleeding.
Frameless versus framed LNG-iUS for the treatment of dysmenorrhea
As uterine cavities differ considerably in size and shape, and the uterus is subject to changes in size and volume during 
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Frameless LNG-iUS the menstrual cycle, it would be unreasonable to expect one standard-sized IUS to fit in uterine cavities that differ in size and volume from woman to woman and from time to time in the same woman. Clinical experience has shown that disproportion between the IUS and the uterine cavity can lead to partial or total expulsion, perforation of the uterine wall, pain, unintended pregnancy, and abnormal or heavy uterine bleeding leading to early removal of the device. 8 Research has also shown that, if the width of the uterine cavity is too small, side effects and complications are likely to occur. 14 The length of the transverse arm of the Mirena LNG-IUS is 32 mm. The average fundal transverse dimension in nulliparous as well as parous women, determined using measuring instruments (Cavimeter ® , Wing-sound) inserted in the uterus, is only 25 mm. 15 Recent three-dimensional (3-D) sonography studies confirm the narrow transverse diameter of the uterine fundus in many women. Benacerraf et al measured the fundal transverse diameter in over 200 nulliparous women (group 1), in women with one child (group 2), and in women with more than one child (group 3) and found that the fundal transverse diameter varied from 20.2 to 34.1 mm in the first group, from 22.9 to 36.3 mm in group 2, and from 24.6 to 37.5 mm in group 3.
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Other 3-D studies compared women with abnormally located and women with normally located IUDs with respect to their indication for sonography examination and found that the proportion of patients whose principal indication for the examination was bleeding, pain, or bleeding and pain was significantly greater in those with an abnormally located IUD, including embedded IUDs, compared with those whose IUD was not found on 3-D sonography to be located abnormally. 17 The authors commented that standard two-dimensional sonography is not able to detect many abnormally located IUDs, particularly with regard to abnormal location of the side arms of the IUD. Accurate location of the side arms is only possible with 3-D coronal sonography or by hysteroscopy, as shown in Figure 2 .
A study in current and former copper-T IUD users found a dissatisfaction rate of 34%. 18 The reason for the discontinuation in this study was not available, but previous studies showed that heavy bleeding and pelvic pain were the most commonly cited reasons for discontinuing copper-T IUDs. It is therefore logical, as has been confirmed in clinical trials, that harmony between the size of the foreign body and the dimensions of the uterine cavity is essential as regards its acceptability, the occurrence of side effects, and the continued use of the method. 19 The frameless copper-releasing GyneFix IUDs and the frameless FibroPlant LNG-IUS were developed to optimize harmony with the uterine cavity of parous and nulliparous women in an attempt to reduce the side effects and expulsion rates of conventional IUDs and, consequently, increase continuation of use. Figure 3 illustrates the position of the frameless and flexible FibroPlant LNG-IUS in a uterus of which the fundal transverse diameter is smaller than the average uterine width.
In addition to the advantageous design features of the frameless LNG-IUS, of significant importance are both the high contraceptive effectivity and high effectiveness in managing menstrual bleeding, as observed in clinical trials. 20 The "obligatory" anchoring of the frameless LNG-IUS in the uterine fundus reduces the risk of expulsion. Expulsion rates up to 8% at 1 year of use have been observed in adolescent women using framed LNG-IUS, as well as high removal rates for pain complaints during the first year. 21, 22 The limitations of this study are its small number of women and the absence of comparative data. One could question, however, if it would be recommendable to young women presenting with severe dysmenorrhea to insert a LNG-IUS considering the possibility that it would likely not fit in the uterine cavity, unless the cavity width was measured, and shown to be large enough to adapt to a large-size LNG-IUS.
Conclusion
A LNG-IUS could successfully be used for the treatment of primary dysmenorrhea in young women. Reported experiences with the frameless LNG-IUS of young nulliparous and adolescent women with primary dysmenorrhea suggest that the frameless design may be preferred over a framed LNG-IUS, as the absence of a frame is particularly advantageous in these women. As only a small number of women were evaluated in this study, additional, larger scale studies should be conducted, preferably including a comparator, to confirm the results obtained in this study.
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